Two cultivars of Zantedeschia aethiopica (group 1) and 21 cultivars in other Zantedeschia spp. (group 2) were hybridized to investigate the cross-compatibility of each combination. From a total of 757 crosses from 37 hybrid combinations that were attempted, 3,144 resulting embryos were cultured. As a result, 175 embryos representing 26 combinations formed shoots, but all hybrids were albino and viable only in vitro. Some hybrids had plastids of both parents, but no relationship between the appearance of albino hybrids and plastid inheritance could be detected.
Introduction
The genus Zantedeschia, which contains six species and two sub-species, is divided into two groups (Funnell, 1993) . The group 1 contains only Z. aethiopica, an evergreen spp. in which the inflorescence appears in late winter to late spring in its native habitat. Group 2 contains the remaining five species, which are deciduous and flower in summer.
The species, belonging to group 2, have various spathe colors, whereas Z. aethiopica has only white, pink, or green spathes with a long flowering period. Hybrids with characters from both groups are therefore very attractive for plant breeders. Interspecific hybrids are readily achieved between species within group 2; however, because of postfertilization barriers, no successful crosses have been achieved between species in groups 1 and 2 (Traub, 1948) . Yao et al. (1995) obtained fertilized embryos of these incompatible crosses by using an embryo-rescue technique, but all hybrids were albino and viable only in vitro. Yao et al. (1995) obtained albino hybrids by using only 4 cross-combinations. The hybrids, viable autotrophically, may be obtained from the crosses of more combination patterns. In this study, we performed crosses between 2 cultivars of Z. aethiopica and 21 cultivars in group 2 to obtain hybrids from more combination patterns and investigated their compatibility. Incompatibility between the genome and plastome could be one of the factors to cause this dysfunction (Michishita et al., 2002) . Hence, the relationship between the appearance of albino hybrids and plastid inheritance were also investigated.
Materials and Methods
Investigation of the compatibility of interspecific hybridization Crosses were performed between 2 cultivars of Z. aethiopica and 21 cultivars in group 2. Plants were grown in greenhouses to achieve simultaneous flowering. The maternal plants were emasculated and fresh pollen applied to the stigma. After pollination, inflorescences were covered with waxed paper bag to prevent contamination.
The ovaries that were harvested 6 to 8 weeks after pollination were surface-sterilized with sodium hypochlorite solution (active chloride: about 2%) for 15 min and rinsed thrice with sterilized water. The embryos were cultured in Murashige and Skoog (1962) (MS) medium that contained 2 g·L −1 gelrite, 30 g·L −1 sucrose, 1 mg·L −1 BA, and 0.1 mg·L −1 NAA. The fertilized embryos were separated from the endosperms and cultured on the media at 25°C in the dark. Embryos that were too small to be separated from the endosperm were cultured together. When the embryos had grown more than 5 mm, they were transferred to a 16-h photoperiod illuminated by cool white fluorescent light (40 µmol·m −2 · s −1 ) and kept at 25°C. The embryos that formed shoots were transferred to 1/2 MS medium to induce rooting.
Investigation of plastid inheritance
The sizes of PCR products amplified from DNA of the progeny by using a primer pair specific to atpH (atpH-1 and atpH-2) of the plastid DNA were investigated to identify which parent's plastid was inherited. atpH-1 (5'-TTGACCAACTCCAGGTCCAA-3') and atpH-2 (5'-CCGCAGCTTATATAGGCGAA) designed from plastid DNA of Spinacia oleraces (Tsumura et al., 1996) amplify about 600-and 900-bp fragments in Z. aethiopica and cultivars in group 2, respectively. 20 ng of total DNA that was extracted from leaf tissues by a modified CTAB method (Rogers and Bendich, 1985) was added to a reaction mixture (10 µL) containing 1 mM of each primer, 0.2 mM of each dNTP, 0.25 units of Taq (TAKARA Co., Kyoto, Japan), and 1 µL of × 10 buffer for Taq. Amplification was carried out in a thermal cycler (Applied Biosystem 9600, Applied Biosystem, California, USA) for 5 min at 94°C followed by 40 cycles of 1 min at 94°C, 2 min at 60°C and 2 min at 72°C, and ending with 7 min incubation at 72°C.
Results
Investigation of the compatibility of interspecific hybridization A total of 757 crosses from 37 cross-combinations were attempted from which 3,144 embryos were cultured (Table 1) . Overall, 175 embryos formed shoots from crosses of 26 combination patterns, and the percentages of embryos that formed shoots were 1.1-20.0%. But, these shoots were barely pigmented even under illumination; the SPAD value of these leaves was less than 2.0. Furthermore, these albino shoots grew very slowly and barely rooted. Several plantlets rooted and grew over 5 cm; these were transplanted into soil mixture, and then placed in a greenhouse controlled at 25°C. These hybrids survived for about one month, but remained albino and never unfolded new leaves. All albino hybrids were identified as interspecific hybrids by RAPD analysis (data not shown).
Investigation of plastid inheritance
By investigating six albino hybrids derived from 'Wedding March' × 'Black Eyed Beauty', and 'Wedding March' × 'Pink Superba', biparental inheritance of plastid DNA was detected in 3 hybrids derived from 'Wedding March' × 'Black Eyed Beauty' and one from 'Wedding March' × 'Pink Superba' (Fig. 1) .
Discussion Yao et al. (1995) previously obtained interspecific hybrids from 4 combination patterns, Z. aethiopica × Z. elliottiana and 3 hybrid cultivars of group 2 × Z. aethiopica. In this study, hybrids from 2 cultivars of Z. aethiopica × Z. rehmanii 'Pink Superba' were obtained, but these were albino and viable only in vitro, as with those of Z. aethiopica × Z. elliottiana obtained by Yao et al. (1995) . Furthermore, though we also obtained hybrids from crosses using even 21 hybrid cultivars of group 2 as paternal or maternal parent, all progenies were albino. These results imply that there is a genetic barrier between Z. aethiopica and species of group 2. Inoue (1996) reported that the hybrid lethality in interspecific hybrid between Nicotiana gossei and N. tabacum was avoided by irradiating pollen with ion beams which induced gene deletion. Attempts could be made to remove the factors causing postfertilization barriers by inducing mutation on pollen or albino hybrids.
The dysfunctions of chlorophyll synthesis were observed in interspecific hybrids of Impatiens (Arisumi, 1985) and Rhododendron . Incompatibility between the genome and plastome could be one of the factors causing this dysfunction (Michishita et al., 2002) . It was previously shown that, in Zantedeschia, plastids could be inherited from both parents (Yao et al., 1994) . Snijder (2004) showed that diminution of chlorophylls in hybrids, derived from interspecific crosses among group 2 Zantedeschia species, was caused by incompatibility between the genome and plastome. Biparental inheritance of plastids was also detected in some hybrids obtained in this study (Fig. 1) . But, no relationship between the appearance of albino hybrids and plastid inheritance was detected, which implies that a hybrid genome was incompatible to both parental plastids, or that the dysfunction of chlorophyll synthesis was caused by other factors, such as the hybrid genome in itself or incompatibility between genome and mitochondrial genome.
In this study, no compatible combinations were detected, because all hybrids were albino that survived only in vitro. Further studies are required to elucidate the causes for the appearance of albino hybrids.
